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Abstract

This paper describes a methodology to incorporate some performance requirements on the software development life cycle. It includes tips that should be observed on the development cycle and production environments according some results obtained from tests made on Java applications . It also includes some tests results to verify the methodology proposed. 
1. Introduction

The necessity to model and evolve techniques and procedures, to build performatic software, exists on a development environment. The majority of existent software development models guarantees that the system is correct according to the specifications but does not guarantee the performance on the final system. The result of this approach is: “organizations want more performance on their systems but does not have methods incorporated to the software development life cycle that are aimed at the fulfillment of this requirement”. On most cases performance issues are either considered near the end of the process or, as a non functional requirement. This approach usually incurs in extras costs when the systems are moved to the production environment.

Considering it the software construction requires more integration with performance engineering techniques[5]. Is necessary to deal with performance issues on all development phases, from specification phase to product delivery, passing thru software architecture, data collection, coding, tests techniques and prevision strategies to aggregate management and monitoring performance parameters of software evolution to identify problems earlier and priority the solutions[1].

Upfront knowledge of the development environment and system use profile, including hardware support and architecture, is of crucial importance to develop a representation of the performance flux model, and it also defines alternatives to follow in case of “What do do if …” scenarios. This approach can better handle, faster identify and resolve production issues [2].

The objective of this paper is to define an activity model, focused on software development performance that uses Java platform. Presenting the most common performance problems and suggesting activities that should be executed during the development life cycle that would ensure the quality performance requirements to the product.

This paper is divided into 4 chapters: chapter 2 introduces the proposed model, while chapter 3 presents the results that gave support to the model, chapter 4 finally brings the conclusion and proposed future works.

2. The model 

An IEEE Standard Glossary of Software Engineering Terminology [17] is “the degree to which a system or component accomplishes its designated functions within given constraints, such as speed, accuracy, or memory usage.”

“Performance refers to responsiveness: either the time required to respond to a specific event or a number of events processed in a given time interval”[1]. Performance is a computing system attribute that characterizes the precision of an offered system service [16].

Some times performance is fundamental to system precision, it’s common to performance requirements to be implicit or qualitative. Despite of the importance perceived on system performance engineering, performance problems are common in software. Some questions still exists:

a) What aspects used during development phase contribute to performance problems?

b) What the obstacles to reach a state where potentials performance problems are detected earlier during engineering process? [17]

Software performance engineering tries to respond to this questions. The process defined on Figure 1 is based on experiments that will be presented on section 2. It presents the necessary steps to construct a performance oriented software associated with Java Technology.
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Figure : Performance Model
The diagram presents the essential steps to Java Software Development, where each indicated operation focus on the best final product performance. 

The process should be described:

Performance requirements: must be defined on the software requirements phase [3]. It should incorporate system specification, client restriction or the development/production environment. It must also be considered on the risk analysis phase to allow the establishment of contingence plans and costs analysis. These requirements should be revised at any moment. 

Development Scenario: identify the system scenario, containing the description of the used resources, characterizing the components execution order, if the execution is in parallel, if system interacts with another application and if all the software will be developed or if uses prefabricated components[9], from this survey is possible to make a mapping between resources and its possible associated problems. 

Satisfactory performance: the satisfaction condition is dependent of the reach status of the system. After each focused optimization test interaction the verification of the performance requirements to be reached must be done, if the best case of performance is not met yet, another cycle of profiling must be done, until the covet performance is reached or a convergence opinion about the obtained results is met.

Find the problem: after defined the software performance goals and his production scenario the next steps is find the degradation performance problems. On this stage the specific performance problems are analyzed end improved. This problems could be identified during all software life.

Virtual Machine/Environment: analyses the virtual machine operation and how to improve performance of them. This process goes from analyses of used memory including heap configuration until the best garbage collection algorithm. 

Coding: another important factor to system performance is how the program is coded and structured [8]. The code refectory after the software deployed in production or during development phase costs resources like money and time. Whatever more the refectory more resource must be used during the project.

Libraries: during the development phase the use of libraries and reused components are important factors to software final performance. If wishes performance products the components and libraries must be performatic to, and needed to suitable according internal standards focusing on not prejudice the performance product at all.

2.1 Environment analyses 

This process was defied and must be used to analyze and monitor environments where virtual machines are used.
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Figure 2: Environment analyses
One of the performance problems are associated to memory utilization. Treatment of this problems could be done considering two forms: profiling virtual machine heap used during software execution on stress state and garbage collector algorithms.

1. Heap: One of the most common procedures to improve virtual machine performance is use the best garbage collector algorithm and it’s influenced how the head disposed. The size of this must be configured according each application to improve performance. This modification must be done passing parameters to the virtual machine initialization. In Java to specify the heap size the options could used: Xms to specify the initial size and Xmx to specify the maximum size.

2. Equality areas: Analyzes of the size of each internal divisions of heap area, and analyses how the behavior of them during execution time.

3. Processing: parallel with memory problems, the processing of the requests submitted to virtual machine could be critic to systems.

4. Garbage collector algorithms: the garbage collector algorithms could vary according the heap division area, and could be combinated to improve performance of the system.

2.2 Coding

During the project analyses phase should identify the most critics routines related to performance and develop them focusing on machine resource optimization, essentially I/O operations that’s influence on the choice of data structures and algorithms. 
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Figure 3: Coding
2.3 Library and Components 

The idea of software componentization that’s could be used to develops faster systems was first presented by Douglas McIlroy' on 1968[8]. 

The choice of inadequate libraries and components to the system can cause considerable impact on the final software product performance, consequent the choice of libraries and components must consider performance.

Farther then library functional requirements, another factors could be determinative to the choice: performance and benchmarks.

The simple process of change libraries of the system could influence on the end result of performance.
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Figure 4: Library performance

2.4 Balance between functional and non functional requirements

The increase of performance shouldn’t influence in performance of another non functional requirements.

Identify this points are important and should be done during the project and architecture phase and give qualitative base to do trade off between this attributes and software quality. 
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3. Tests and results

This paper presents the results of some tests made in web java based applications to analyze the methodology suggested on preview sections to suggest some performance tips and requirements to gain scalability to the systems.

Java Virtual Machine

Deficiency on memory allocation and processing are the principals problems on Java virtual machine environment. 

The first test suggested activity analyze the comportment of Java virtual machine heap, through parity of your division. The virtual machine presents parameters that permit the adaptation of areas size according the necessities of the application.

The Java heap is divided in 3 areas according objects age. The 3 areas are: Young generation, old generation and permanent generation and are adjusted conform initialization parameters. They are:

Table 1: JVM parameters
	Parameters
	Functionality

	-XX:NewSize
	Initial young generation size

	-XX:MaxNewSize
	Maximum size of Young generation

	-Xms
	Maximum size of old generation

	-XX:Permanent
	Initial size of permanent generation

	-XX:MaxPermSize
	Maximum size of permanent generation

	-XX:NewRatio
	Relation between Young and old generation. If the parameter is equal to 2 the relation between this two areas are  1:2

	-XX:SurvivorRatio
	Determines the size of survivor of Young generation


These parameters permits to configure the virtual machine to work more efficiently during garbage collection time.

The determination of the best values depends of each application, and depends of object creation and dislodge and if they are persistent or not.

The second macro activity proposed to be tested focused on performance is the choice of garbage collector algorithms for each heap area according to application and hardware. The specification of this algorithms and heap size relation must be defined on java virtual machine initialization.

Table 2: Garbage Collection Algorithms

	Algorithm
	Command
	Where work
	Observation

	Copyng GC
	(default)
	young generation
	Single Threaded

	Mark sweep GC
	(default)
	old generation
	Single Threaded

	Parallel GC
	-XX :UseParGC
	young generation
	Multi- Threaded

	
	-XX UseParallelGC
	young generation
	Pode ser usado com o Concurrent Mark Sweep, Multi -Threaded

	Concurrent Mark Sweep GC
	-XX:useConcMarkSweepGC
	old generation
	Single Threaded

	Incrimental GC
	-Xincgc
	old generation
	Single Threaded


From this parameters could create new initial configurations to Java virtual machine where could realize tests to find the appropriate configuration to the application with wished performance.

Test Methodology

The application used on the tests was a standard applications developed to SUN Microsystems using J2EE, named pet Store and can be download from SUN Java Website [18]. 

To the tests the number of submitted requests to the server was gradation increased until the saturation point for each Java virtual machine configuration. The saturation point is defined at the moment of server can’t process more requests generated from the stress test tool for a specified load. This point is normally detected where appears a large number of error on the output of the application.

The requests on the test simulate different types of processing according to business rules of the application.

Results and discussions

Only changing the initial parameters of java virtual machine algorithm on a multi processed machine obtained 100% improvement to original configuration.
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Figure 6: Results of the tests changing GC algorithms
On this phase were made a lot of different tests, they explores the comportment of garbage collector according changes on survivor and eden on the heap.

The first one the size of young generation was changed using NewSize and MaxSize parameters. The number of users was fixed in 20 the maximum number of users obtained on the earlier test. On this test we used the default JVM algorithm.

The next figure shows the results of valid submitted requests on these tests. The best results were found using 64 and 128 Mb of RAM to these areas.
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Figure 8 : Result f the tests varying young generation size
Another test made was change the Young generation size using NewRAatio parameter and fixing the number of users in 20. The best result was found when the parameter receives the value 4. This indicates that we uses 153Mb of RAM to this area. And comproves the results obtained on the prior experience.
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Figure 7: Tests results varying relation between young e old generations

Another experience made was change the size of survivor spaces: to-space and from-space. We used the –XX:NewSurvivor parameter and the best results was found using 4 value.
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Figure 9: Tests results varying relation between young survivor spaces. 

Libraries

Another stage of proposed methodology is related to the choice of system external performatic libraries.

The Java libraries is common wrapped on a jar file, that can be easy incorporated to the system. Java is an object-oriented programming language with interesting features for software reuse[9] 

To demonstrate the benefice of simple attitude of change one library, we chose a WebService application where we changed the XML parser.

XML Parser 
The conversion time of XML documents during communication process has significant performance impact to web service model, principally to Web 2.0 [17]. The XML parser are responsible to processing XML files using common API’s. The testes made had the objective to analyze and compare some XML parser using one web services application.

Methods - Benchmarks e Tools
Operational environment

Was tested 4 XML parsers to Java, from deferent’s manufactures. All parsers implements the API SAX 1, SAX 2.0.1, e JAXP 1.1, was used the following parsers:

· Xerces version 1.4.4 

· Crinsom version 1.1

· Picollo version 1.04 

· Gnu JAXP 

· XP version 1.0 

Adopted Methodology

Like heap tests, were used the idea of changes the parsers and submitted the application to deferent’s load generated from stress test tools.

Results and discussions

The difference of performance found was small but significative, it was 5%. Considering that we uses a simple application and their files was small. The next figure shows all results obtained.
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Figure 10: Results of the tests using different XML parsers.
4. Conclusion and future works 

This paper presents the performance workflow to java applications, and for each stage of workflow shows the necessary consideration.

It brings steps and procedures to all software life cycle to improve Java application performance. It describes procedure and considerations to development and production stage. It has some examples of gain performance considering this procedures.

To increase and append the results of this work is necessary to realize more tests when change libraries and measure the impact of good programming techniques. But until now we adopted it on various system in development phase and production phase and obtained good results. 
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		parser1		57303		90208		150501		181833		176354		182211		182202		191765		185078		190953		189256		191624

		parser2		59551		80238		163153		170853		172095		179985		174705		196486		196437		189756		192468		196645

		parser3		59551		98602		155936		152421		159459		194769		206325		202296		200883		197562		199422		192177

		parser4		52885		71966		133616		165096		153174		154948		172004		186009		195597		196231		197164		195530

																25		30		35		40		45		50

		op4														172004		186009		195597		196231		197164		195530

		op2														174705		196486		196437		189756		192468		196645
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